JUNCTION VARACTOR WITH HIGH Q FACTOR 
DESCRIPTION 



Background of Invention 

[Para 1] 1 . Field of the Invention 

[Para 2] The present invention relates generally to a varactor, and more 
particularly, to a PN-junction varactor having improved quality factor (Q 
factor). 

[Para 3] 2. Description of the Prior Art 

[Para 4] A varactor is, essentially, a variable voltage capacitor. The 
capacitance of a varactor, when within its operating parameters, decreases as a 
voltage applied to the device increases. Such a device is useful in the design 
and construction of oscillator circuits now commonly used for, among other 
things, communications devices. Varactors are typically employed in voltage- 
controlled oscillators (VCOs) where a frequency of an oscillator is controlled by 
an applied current or voltage. In such instances, the VCOs are used when a 
variable frequency is required, or when a signal needs to be synchronized to a 
reference signal. 

[Para 5] Numerous varactors have been developed and are employed in 
integrated circuit technologies, for example, PN-diodes, Schottky diodes or 
MOS-diodes as a varactor in bipolar, CMOS and BiCMOS technologies. Among 
these, two varactor structures are most frequently used: the PN-junction 
varactor and the MOS varactor. Currently the PN-junction varactor is 
predominantly used in LC oscillators. Both these structures can be 
implemented using standard CMOS processes. 



Page 1 of 1 8 



[Para 6] Referring to Fig.l , a prior art PN diode varactor is illustrated in a 
cross-sectional view. As shown in Fig. 1 , a substrate 1 0 includes an N-well 1 2, 
and a plurality of isolation structures 14, such as field oxide layer or shallow 
trench isolation (STI), on surfaces of the N-well 12 and the substrate 10. The 
isolation structures 14 define a plurality of predetermined regions on the N- 
well 1 2 to form at least an N-type doping region 1 6 and a P-type doping 
region 1 8, thus completing a diode structure having a PN junction. When the 
diode is reverse-biased, a depletion region occurs in the PN junction of the 
diode and acts as a dielectric, so that the N-type doping region 1 6 and the P- 
type doping region 1 8 separated by the dielectric form an equivalent capacitor. 
With an adjustment in the voltage across the anode (the P-type doping region 
1 8) and the cathode (the N-type doping region 1 6) of the diode, a width of the 
depletion region varies to change the equivalent capacitance of the varactor. 

[Para 7] Referring to Fig. 2, a prior art MOS varactor is illustrated in a cross- 
sectional view. The prior art MOS varactor is formed on an N-well 22. The prior 
art MOS varactor includes a polysilicon gate structure 26 serving as an anode 
of the MOS varactor, a gate oxide layer 28 between the gate structure 26 and 
the N-well 22, and two N+ doped regions 24 on both sides of the gate 
structure 26, wherein the N+ doped regions 24, which are implanted in the N- 
well 22, serve as a cathode of the MOS varactor. N type lightly doped drain 
regions 25 are also provided. 

[Para 8] The main drawback of the prior art PN junction varactor as set forth 
in Fig.l is a low maximum to minimum capacitance ratio and small quality 
factor (Q factor). The MOS varactor does not suffer on this account, with a high 
maximum to minimum capacitance ratio of roughly four to one for a typical 
0.25 Mm CMOS process. Furthermore, the MOS varactor's ratio increases in 
deep submicron processes due to the thinner gate oxide used. However, the 
MOS varactor's transition from maximum to minimum capacitance is abrupt. 
This gives a MOS varactor a small, highly non-linear voltage control range. 
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Summary of Invention 

[Para 9] It is therefore a primary object of the claimed invention to provide a 
varactor to improve the electrical performance thereof. 

[Para 10] It is another object of the claimed invention to provide a junction 
varactor having improved quality factor, and a CMOS-compatible method for 
fabricating the same. 

[Para 1 1] According to the claimed invention, a junction varactor includes a 
gate finger lying across an ion well of a semiconductor substrate; a gate 
dielectric situated between the gate finger and the ion well; a first ion diffusion 
region with first conductivity type located in the ion well at one side of the 
gate finger, the first ion diffusion region serving as an anode of the junction 
varactor; and a second ion diffusion region with a second conductivity type 
located in the ion well at the other side of the gate finger, the second ion 
diffusion region serving as a cathode of the junction varactor. In operation, the 
gate of the junction varactor is biased to a gate voltage Vg that is not equal to 
0 volt. 



[Para 12] These and other objectives of the present invention will no doubt 
become obvious to those of ordinary skill in the art after reading the following 
detailed description of the preferred embodiment that is illustrated in the 
various figures and drawings. 



Brief Description of Drawings 
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[Para 1 3] The accompanying drawings are included to provide a furtPier 
understanding of tPie invention, and are incorporated in and constitute a part 
of tiiis specification. The drawings illustrate embodiments of the invention 
and, together with the description, serve to explain the principles of the 
invention. In the drawings: 

[Para 14] Fig.1 is a cross-sectional schematic diagram illustrating a prior art 
PN junction varactor; 

[Para 1 5] Fig. 2 is a cross-sectional schematic diagram illustrating a prior art 
MOS varactor; 

[Para 1 6] Fig. 3 is a schematic top view showing the layout of a junction 
varactor in accordance with one preferred embodiment of the present 
invention; 

[Para 1 7] Fig. 4 is a schematic cross-sectional diagram showing the junction 
varactor along line AA of Fig. 3; and 

[Para 1 8] Figs. 5-8 are schematic cross-sectional diagrams showing the 
process steps for making the junction varactor as set forth in Fig. 4 according 
to this invention; and 

[Para 19] Fig. 9 is a schematic cross-sectional diagram showing a junction 
varactor according to another preferred embodiment of this invention. 



Detailed Description 

[Para 20] The present invention, which provides novel junction varactors for 
CMOS and BiCMOS technologies as well as a method for fabricating the same, 
will now be described in more detail by referring to the drawings that 
accompany the present application. It is to be understood that the conductivity 
types, device or circuit layout, or materials used as set forth in the following 
detailed description and figures are only for illustration purpose. The scope of 
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this invention sPiould be construed as limited only by the metes and bounds of 
the appended claims. 

[Para 21 ] Referring initially to Fig. 3 and Fig. 4, wherein Fig. 3 is a 
schematic top view showing the basic layout of a junction varactor 80 in 
accordance with one preferred embodiment of the present invention; Fig. 4 is a 
schematic cross-sectional diagram showing the junction varactor 80 along line 
AA of Fig. 3. According to the preferred embodiment of the present invention, 
the junction varactor 80 is formed on an N-well 100, which may be formed on 
a commercially available P type silicon substrate or a silicon-on-insulator (SOI) 
substrate. The N-well 1 00 is electrically isolated by shallow trench isolation 
(STI) 200. In a case that the substrate is an SOI substrate, the STI 200 reaches 
down to a buried oxide layer and thus renders the N-well 1 00 in a floating 
status. 

[Para 22] The junction varactor 80 further comprises an elongated gate finger 
1 01 lying across the N-well 1 00, and a gate finger 1 02 situated at one side of 
the gate finger 1 01 . As specifically indicated in Fig. 3, the gate finger 1 02, 
which overlies the N-well 100, is arranged substantially in parallel with the 
gate finger 1 01 . Both of the gate finger 1 01 and gate finger 1 02 have vertical 
sidewalls, on which spacers 1 01 a and 1 02a are formed. The gate finger 1 01 
and gate finger 1 02 may be formed of polysilicon or metals. A gate dielectric 
layer 1 01 b and a gate dielectric layer 1 02b are provided under the gate fingers 
1 01 and 1 02, respectively. A P+ doping region 1 1 2, which serves as an anode 
of the junction varactor 80, is formed in the N-well 100 between the gate 
fingers 101 and 102. Preferably, the P+ doping region 1 12 is contiguous with 
P-type lightly doped drains (PLDD) 1 1 3 that extend laterally to under the 
spacers 101 a and 102a. 

[Para 23] As best seen in Fig. 4, in the N-well 1 00, at one side of the gate 
finger 1 01 that is opposite to the P+ doping region 1 1 2, an N+ doping region 
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1 1 4 is provided. An N-type ligPitly doped drain (NLDD) 1 21 tPiat is merged witPi 
tPie N+ doping region 1 1 4 extends laterally to the gate 1 01 . In the N-well 1 00, 
at one side of the gate finger 1 02 that is opposite to the P+ doping region 1 1 2, 
an N+ doping region 1 16 is provided. Likewise, an NLDD 1 22 that is merged 
with the N+ doping region 1 1 6 extends laterally to the gate 1 02. The N+ 
doping region 1 1 4 is electrically coupled to the N+ doping region 1 1 6 by 
interconnection, and together serves as a cathode of the junction varactor 80. 
Furthermore, to reduce sheet resistance of the varactor 80, a salicide layer 1 03 
is optionally provided on the exposed surface of the P+ doping region 1 1 2, the 
N+ doping region 1 14, and the N+ doping region 1 16. 

[Para 24] Compared with the prior art junction varactors, the present 
invention junction varactor has a lower resistance because there is no STI 
formed between the anode and cathode of the varactor. Therefore, the present 
invention junction varactor has a higher Q factor and better performance. In 
operation, the gate fingers 101 and 102 are preferably biased to a pre- 
selected voltage Vg. In the case as demonstrated in Fig. 3 and Fig. 4, the pre- 
selected voltage Vg is a positive voltage such as Vcc. The positive voltage 
provided to gate fingers 101 and 102 results in accumulated electrons in the 
channel regions that are located under the gate fingers 1 01 and 1 02, thereby 
further reducing resistance of the varactor 80. By altering the bias between the 
anode and cathode of the junction varactor 80, the capacitance of the junction 
varactor may be tuned in an extended tuning range. 

[Para 25] Reference is now made to the embodiment illustrated in Figs. 5-8 
wherein the various processing steps employed in fabricating the inventive 
junction varactor are shown. The method for fabricating the inventive junction 
varactor in accordance with the preferred embodiment of this invention is 
CMOS compatible. Fig. 5 illustrates the first step used in forming the inventive 
junction varactor. As shown in Fig. 5, a substrate (not explicitly shown) is 
provided, on which an N-well 1 00 is formed by any method known in the art, 
for example, ion implantation. The N-well 1 00 is isolated by STI (not shown). 
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Subsequently, an insulation layer (not explicitly shown) such as thermally 
grown gate oxide layer is formed on the surface of the N-well 1 00. A layer of 
polyslllcon Is deposited over the insulation layer, and then patterned to form 
gate structures 101 and 102 using conventional lithographic and dry etching 
processes. The deposition of the polysilicon layer may be fulfilled by 
conventional LPCVD. In another case, the gates may be made of metals. 

[Para 26] As shown in Fig. 6, using a suitable mask or an "NLDD implant 
photo" to mask the area between the gate 1 01 and the gate 1 02, an NLDD ion 
implantation process is carried out to dope ions such as arsenic into the N- 
well 1 00 at one side of the gate 1 01 and at one side of the gate 1 02, thereby 
forming an NLDD region 121 and NLDD region 122. 

[Para 27] As shown in Fig. 7, using a suitable mask or a so-called "PLDD 
implant photo" to open the area between the gate 1 01 and the gate 1 02, a 
PLDD ion implantation process is carried out to dope ions such as boron into 
the N-well 1 00 in the area between the gate 1 01 and the gate 1 02, thereby 
forming a PLDD region 1 1 3. 

[Para 28] As shown in Fig. 8, using methods known in the art, spacers 101a 
and 102a are formed on sidewalls of the gates 101 and 102, respectively. 
Subsequently, using a suitable mask or so-called "N+ implant photo" to mask 
the area between the gate 101 and the gate 102, an N+ ion implantation 
process is carried out to dope a high dosage of ions such as arsenic into the 
N-well 1 00 at one side of the gate 1 01 and at one side of the gate 1 02, 
thereby forming N+ region 1 14 and N+ region 1 16. Finally, using the PLDD 
implant photo to expose the area between the gate 1 01 and the gate 1 02, a P+ 
ion implantation is carried to form the P+ doping region 1 1 2. After 
implementing a conventional self-aligned silicidation process, the junction 
varactor 80 as set forth in Fig. 4 is produced. 
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[Para 29] Fig. 9 depicts a scliematic cross-sectional view of junction varactor 
800 according to another preferred embodiment of tPiis invention. As siiown in 
Fig. 9, the junction varactor 800 is formed on a P-well 200. The junction 
varactor 800 comprises an elongated gate finger 201 lying across the P-well 
200, and a gate finger 202 situated at one side of the gate finger 201 . The 
gate finger 202, which overlies the P-well 200, is arranged substantially in 
parallel with the gate finger 201 . Both of the gate finger 201 and gate finger 
202 have vertical sidewalls, on which spacers 201a and 202a are formed. The 
gate finger 201 and gate finger 202 may be formed of polysilicon or metals. A 
gate dielectric layer 201 b and a gate dielectric layer 202b are provided under 
the gate fingers 201 and 202, respectively. An N+ doping region 21 2, which 
serves as an anode of the junction varactor 800, is formed in the P-well 200 
between the gate fingers 201 and 202. Preferably, the N+ doping region 212 is 
contiguous with N-type lightly doped drains (NLDD) 21 3 that extend laterally 
to under the spacers 201 a and 202a. 

[Para 30] In the P-well 1 00, at one side of the gate finger 201 that is opposite 
to the N+ doping region 21 2, a P+ doping region 21 4 is provided. A P-type 
lightly doped drain (PLDD) 221 that is merged with the P+ doping region 214 
extends laterally to the gate 201 . At one side of the gate finger 202 that is 
opposite to the N+ doping region 21 2, a P+ doping region 21 6 is provided in 
the P-well 200. Likewise, a PLDD 222 that is merged with the P+ doping region 
216 extends laterally to the gate 202. The P+ doping region 21 4 is electrically 
coupled to the P+ doping region 21 6 by interconnection, and together serves 
as a cathode of the junction varactor 800. Likewise, to reduce sheet resistance 
of the varactor 800, a salicide layer 203 is optionally provided on the exposed 
surface of the N+ doping region 212, the P+ doping region 214, and the P+ 
doping region 216. In operation, the gate fingers 201 and 202 are preferably 
biased to a pre-selected voltage Vc. By way of example, in the case as 
demonstrated in Fig. 9, the pre-selected voltage Vc is Vss. By altering the bias 
between the anode and cathode of the junction varactor 800, the capacitance 
of the junction varactor may be tuned in an extended tuning range. 
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[Para 31 ] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may be made while 
retaining the teachings of the invention. Accordingly, the above disclosure 
should be construed as limited only by the metes and bounds of the appended 
claims. 
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